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Re: IN THE MATTER OF THE APPLICATION OF ARIZONA PUBLIC SERVICE
COMPANY FOR A HEARING TO DETERMINE THE FAIR VALUE OF THE
UTILITY PROPERTY OF THE COlV[PANY FOR RATEMAKING PURPOSES, TO
FIX A JUST AND REASONABLE RATE OF RETURN THEREON, TO APPROVE
RATE SCHEDULES DESIGNED TO DEVELOP SUCH RETURN

IN THE MATTER OF FUEL AND PURCHASED POWER PROCUREMENT
AUDITS FOR ARIZONA PUBLIC SERVICE COMPANY

Dear Arizona Corporation Commission:

On behalf of Federal Executive Agencies (FEA), I have enclosed a copy of FEA's Direct
Testimony of Michael P. Gorman and Brian C. Andrews for docket#s E-01345A-16-0036 and E-
01345A-l6-0123. In addition, workpapers of Michael P. Gorman will sent under a separate
cover.

Please let me know if you have any questions regarding this matter.

Respectfully,

Arizona Corporation Commission
DOCKETED

rec 21 2016
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BEFORE THE

ARIZONA CORPORATION COMMISSION

DOCKET no. E-01345A-16-0036:

I

IN THE MATTER OF THE APPLICATION OF
ARIZONA PUBLIC SERVICE COMPANY FOR
A HEARING TO DETERMINE THE FAIR
VALUE OF THE UTILITY PROPERTY OF THE
COMPANY FOR RATEMAKING PURPOSES,
TO FIX A JUST AND REASONABLE RATE
OF RETURN THEREON, TO APPROVE RATE
SCHEDULES DESIGNED TO DEVELOP
SUCH RETURN

DOCKET no. E-01345A-16-0123
IN THE MATTER OF FUEL AND PURCHAED
POWER PROCUREMENT AUDITS FOR
ARIZONA PUBLIC SERVICE COMPANY

)
)
)
I
I
I
)
)
)
I
)
)

Direct Testimony of Brian c. Andrews

1 I. Introduction

PLEASE STATE YOUR NAME AND BUSINESS ADDRESS.Q2

3 A

4

Brian c. And revs. My business address is 16690 Swingley Ridge Road, Suite 140,

Chesterfield, MO 63017.

WHAT IS YOUR OCCUPATION?Q5

6 A

7

I am a Consultant in the field of public utility regulation with the firm of Brubaker &

Associates, Inc., energy, economic and regulatory consultants.

PLEASE DESCRIBE YOUR EDUCATIONAL BACKGROUND AND EXPERIENCE.Q8

g A This information is included in Appendix A to this testimony.

I
I

BRUBAKER & AssociATEs, Inc.
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ON WHOSE BEHALF ARE YOU APPEARING IN THIS PROCEEDING?1 Q

2 A
I

!

I
3

4

I am testifying on behalf of the Federal Executive Agencies ("FEA"), consisting of

certain agencies of the United States government, which have offices, facilities,

and/or installations in the service area of Arizona Public Service Company ("APS" or

5 "Company"), from whom they purchase electricity and energy services.

WHAT IS THE SUBJECT MATTER OF YOUR DIRECT TESTIMONY?6 Q

7 A

8

My testimony will address APS's proposed changes to the depreciation rates for the

Cholla Power Plant. My silence in regard to any issue should not be construed as an

9 endorsement of APS's position.

PLEASE SUMMARIZE YOUR CONCLUSIONS AND RECOMMENDATIONS.10 Q

11 A My conclusions and recommendations are summarized as follows:

1.

I

12
13
14
15

APS has overstated its depreciation rates for the Cholla Power Plant because it
has shortened the life span of this plant. The resulting depreciation rates produce
an excessive amount of depreciation expense and overstate the test year revenue
requirement.

2.

I

|

16
17
18
19

APS has not yet determined its plans for the Cholla Power Plant after 2025.
Current ratepayers should not be burdened by the proposed accelerated capital
recovery of the Cholla Power Plant until a firm decision has been made for the
future plans of this plant.

20
21
22

3. APS should continue to use the existing depreciation rates for the Cholla Power
Plant until it has made an official determination of its plans for the Cholla Power
Plant after 2025.

4.
I

2 3

24

This adjustment reduces the test year depreciation expense and, thus, the
revenue requirement by $23.9 million.

BRUBAKER & AssoclAres, Inc.
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Book De recitation Conce tsII.1

2 PLEASE EXPLAIN THE PURPOSE OF BOOK DEPRECIATION ACCOUNTING.Q

A3

4

5

Book depreciation is the recognition in a utility's income statement of the consumption

or use of assets to provide utility service. Book depreciation is recorded as an

expense and is included in the ratemaking formula to calculate the utility's overall

6

7

8

9

10

11 As a result, it is critical that

12

13

14

15

16

17

revenue requirement.

Book depreciation provides for the recovery of the original cost of the utility's

assets that are currently providing service. Book depreciation expense is not

intended to provide for replacement of the current assets, but provides for capital

recovery or return of current investment. Generally, this capital recovery occurs over

the average service life of the investment or assets.

appropriate average service lives be used to develop the depreciation rates so no

generation of ratepayers is disadvantaged.

In addition to capital recovery, depreciation rates also contain a provision for

net salvage. Net salvage is simply the scrap or reused value less the removal cost of

the asset being depreciated. Accordingly, a utility will also recover the net salvage

costs over the useful life of the asset.

18 ARE THERE ANY DEFINITIONS OF DEPRECIATION ACCOUNTING THAT AREQ

19 UTILIZED FOR RATEMAKING PURPOSES?

A20 Yes. One of the most quoted definitions of depreciation accounting is the one

21 contained in the Code of Federal Regulations:

22
23
24
25
26
27

"Depreciation, as applied to depreciable electric plant, means the loss
in service value not restored by current maintenance, incurred in
connection with the consumption of prospective retirement of electric
plant in the course of service from causes which are known to be in
current operation and against which the utility is not protected by
insurance. Among the causes to be given consideration are wear and

BRUBAKER&AssociATEs, Inc.
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changes demand and requirements of public
tear, decay, action
changes in

1
2
3
4

of the elements, inadequacy, obsolescence,
the art, in

authorities." (Electronic Code of Federal Regulations, Title 18,
Chapter 1, Subchapter c, Part 101)

5 Effectively, depreciation accounting provides for the recovery of the original cost of an

6 asset, adjusted for net salvage, over its useful life.

7 Q WHAT METHOD, PROCEDURE AND TECHNIQUE WERE USED TO CALCULATE

THE PROPOSED DEPRECIATION RATES FOR APS?8

A9

10

11

12

13

14

The proposed depreciation rates were calculated using the straight line method, the

vintage group procedure and the remaining life technique. Under this. method,

procedure and technique of developing depreciation rates, the unrecovered cost of

plant in service is adjusted for the cost of net salvage, and is recovered over the

remaining life of the asset or group of assets. At the end of the useful life, the asset

is fully depreciated.

15 III. Cholla Power Plant

PLEASE BRIEFLY DESCRIBE THE CHOLLA POWER PLANT.18 Q

17 A

18 located in northeastern Arizona.

19

20

The Cholla Power Plant is currently a three-unit, 767 MW coal-fired power plant

APS operates the plant and owns all of Units 1

(116 Mvl/) and 3 (271 MW). Unit 4 with a capacity of 380 MW is owned by PacifiCorp.

Additionally, APS owns Cholla Unit 2, a 260 MW unit, which was retired on October 1

2015.21

BRUBAKER a. AssoclA1es, Inc.
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1 Q WHEN APS FILED ITS 2014 IP, WHAT WERE ITS PLANS FOR THE CHOLLA

2 POWER PLANT?

A3

4

5

6

7

8

On April 1, 2014, APS filed its 2014 Integrated Resource Plan ("liP"). At that time,

the selected portfolio called for continued operation of all of its coal plants, including

Cholla Units 1-3. Exhibit BCA-1 contains Attachment F.1(a)(2) from the 2014 IP.

This table shows APS's selected portfolio, which indicates that APS expected to use

1,932 MW of its existing coal resources from 2014 through the study period in 2029.

Under this portfolio approximately 24.5% of APS's 2029 energy mix would be from

g coal-fired generation.

10 HOW DID THOSE PLANS CHANGE WITH THE 2014 IRP SUPPLEMENT?Q

A11

12

13

14

15

Just five and half months later, on September 14, 2014, APS filed its 2014 IP

Supplement. In this IP Supplement, APS presented the Commission with a change

to its Selected Portfolio. APS changed its selected portfolio to the Managed Coal

Strategy. The Managed Coal Strategy included the closure of Cholla Unit 2 in April

2016 and the decision that no coal would be burned at Cholla Units 1 and 3 after the

16

17

18

19

expiration of a coal agreement in the mid-2020s. The Managed Coal Strategy would

reduce the 2029 coal capacity to 1,285 MW, down from 1,932 MW with the April 2014

selected portfolio. Additionally the percentage of energy generated by coal would be

reduced to 16.9%, down from 24.5%

20 Q

21

WHAT WAS APS'S REASONING BEHIND THE CHANGE IN ITS CHOICE OF

RESOURCE PORTFOLIOS?

A22

23

It appears largely driven by environmental regulations. The second sentence of the

document states, "Because of changes in the regulatory environment and on-going

BRUBAKER a. ASSOCIATES, Inc.
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1

2

3

4

5

6

7

discussions with the federal Environmental Protection Agency the Arizona

Department of Environmental Quality and the owner of Cholla Unit 4, PacifiCorp, APS

now supplements and amends its IP to select a different portfolio of resources than

the Selected Portfolio ('9¢\pril 2014 Selected Portfolio'9 previously chosen in its April

filing." It later goes on to state at page 3 lines 5-6, "Given APS's discussions with

environmental regulators and its plans for the future, APS's choice of portfolios must

change."

8 DOES THE MANAGED COAL STRATEGY SELECTED WITH THE 2014 IRPQ

9 SUPPLEMENT CONTAIN FIRM PLANS FOR CHOLLA UNITS 1 AND3?

A10

11

12

13

14

15

No. The only firm plans were for Cholla Unit 2. The managed coal strategy called for

the closure of Cholla Unit 2 on or before April 1, 2016 and that Units 1 and 3 would

not burn coal after the mid-2020S. In fact, APS concludes the IP supplement by

stating that the Managed Coal strategy provides APS flexibility with the EPA to

preserve the current status of Cholla Units 1 and 3 through the mid-2020s, while still

keeping open the option of gas conversion.

16 HAS APS RETIRED CHOLLA UNIT2?Q

A17 Yes. Cholla Unit 2 was retired on October 1 2015

18 WHAT ACCOUNTING TREATMENT HAS BEEN AFFORDED TO APS FORQ

CHOLLA UNIT2?19

A20

21

22

As is discussed by APS witness Ms. Blankenship on page 24 of her direct testimony,

the unrecovered investment due to the early retirement of Cholla Unit 2 has been

transferred from plant in service to a regulatory asset. This regulatory asset includes

BRUaAKER& AssociATEs, INC.
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1

2

3

to the remaining net book value of Cholla Unit 2 and the accrual of remaining removal

costs for final retirement and dismantlement. APS is proposing to amortize this

regulatory asset through 2033, its previously estimated retirement year.

4 Q

5

IN THE INSTANT PROCEEDING, WHAT IS APS PROPOSING TO DO WITH THE

REMAINING CHOLLA UNITS IN TERMS OF DEPRECIATION?

6 A

7

8

9

10

11

12

13

Dr. White has conducted a depreciation study on behalf of APS. On page 80 of

Attachment REW-2DR, it shows that the retirement dates for Cholla Units 1 and 3, as

well as the common facilities have been reduced to 2025. The currently approved

depreciation rates for Cholla Unit 1 were calculated assuming a retirement date of

2028. For the common facilities and Unit 3, the currently approved depreciation rates

were calculated assuming a retirement date of 2035. By reducing the retirement date

to 2025, APS is increasing the annual depreciation expense for this plant by $23.9

million and is assuming the plant will be dismantled in 2025.

14 ARE APS'S PROPOSED DEPRECIATION RATES FOR CHOLLA UNITS 1 AND 3o

15 REASONABLE?

A16 No. APS's proposed depreciation rates for Cholla Units 1 and 3, as well as the

17

18

19

20

21

common facilities, are not reasonable. APS does not yet know if the Cholla Power

Plant will be retired or converted to natural gas after the mid-2020s. The depreciation

rates being proposed for the Cholla Power Plant do not match reality. The proposed

.depreciation rates for the Cholla Power Plant assume complete retirement and

dismantlement in 2025. Aside from its decision not to burn coal in Cholla Units 1 and

22 3 beyond 2025, it continues to consider the economics of its coal fleet and the critical

BRUBAKER a. AssociATEs, Inc.
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1

2

importance of  fuel diversity as it evaluates the best overall resource strategy for the

benefit of its customers.'

DOES APS'S PRELIM INARY 2017 IRP SHOW DEFINIT E PLANS IN PLACE FOR3 Q

T HE REM AINING CHOLLA UNIT S?4

A5

6

7

8

g

No. APS f i led  i ts  p re l iminary 2017  I P  on September 30 , 2018 . APS has  ye t to

commit to a p lan f o r china Units  1  and  3  af te r the  mid -2020s . I n a d iscuss ion on

page 7 of  36 of  this document, which discusses APS's coal strategy, it states that the

outlook for the Company's coal-f ired assets is  more uncertain (relative to its  nuclear

and  natural gas  f lee t), and  that key dec is ions  remain ahead f o r the  Cho lla Power

Plant.10

11 I F  T HE  RE M AINING  T WO  C HO L L A UNIT S  ARE  RE P O WE RE D  T O  RUN O NQ

12 NAT URAL GAS, CAN EXIST ING INFRAST RUCT URE BE UT ILIZED?

i
I

A13 Yes. However, the  amount o f  exis ting  inf ras truc ture  that can be re-used must be
I

14

15

16

17

18

determined through a detailed study. There are multiple types of  repowering that can

be utilized, the boiler can be modif ied for natural gas combustion rather than coal, or

the  bo i le r can be  rep laced  with a combus tion turb ine  and  a heat recovery s team

generator. I n any case, i t is  l ike ly that the  exis ting  generator, s team turb ine , and

condensers can be used to operate on natural gas af ter 2025. A detailed s tudy will

19

20

21

d e te rm ine  whic h o p t io n is  mo s t  e c o no mic al ly.  f e as ib le . I  have  i nc l ud e d  as

Exhibit BCA-2 a white paper that discusses this type of  study and some available coal

to natural gas conversion options that are avaiIable.2

'Direct Testimony of Daniel T. Froetscher at page 8 line 24 through page 9 line 2.
This white paper is a copyright protected product belonging to Babcock 8t VWlcox Power Generation

Group, Inc. I t is  availab le in the public  domain through the Babcock & Vlhlcox website  at
wvvw.babcock.com/library/Documents/MS-14.pdf.

BRUBAKER& ASSOCIATES, Inc.
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Q1

2

3

4

IF THE EXISTING INFRASTRUCTURE AT THE CHOLLA POWER PLANT IS

CONTINUED TO BE USED FOR NATURAL GAS OPERATION, WOULD IT BE

REASONABLE  TO  ASK CURRENT  RATEPAYERS TO  PAY  FOR GREATER

ANNUAL DEPRECIATION EXPENSE BASED ON THE ASSUMPTION THAT THE

ENTIRE PLANT WILL BE RETIRED AND DISMANTLED IN 2025?

A

5

6

7

No. There is too much uncertainty around the Cholla Power Plant at this time to force

current ratepayers to pay an additional $23.9 million in annual depreciation expense

for this plant. If the Cholla Power Plant is repowered for natural gas, a change to the

depreciation rates should account for any equipment that will be reused, as well as

reduced dismantlement costs and accurate retirement dates.

8

9

10

11

12

13

14

15

16

Furthermore, APS's

decision to shut down the Cholla Power Plant early came just five and a half months

after its initial 2014 IP decision to keep all of its coal resources operating at least

through 2029. Over the rem few months, environmental regulation uncertainty

should be clarified with the beginning of a new administration in Washington. There

is still a reasonable possibility that the Cholla Power Plant could continue to burn coal

after 2025.

Q IS IT A REASONABLE ASSUMPTION THAT THE INCOMING ADMINISTRATION

COULD IMPACT THE FUTURE OF COAL GENERATION, ESPECIALLY

CONCERNING THE CLEAN POWER PLAN?

A

17

18

19

20

21

Yes. It appears that the incoming administration may have a vastly different opinion

on environmental regulations relative to the current administration.

BRUBAKER a. ASSOCIATES, Inc.
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WHAT IS YOUR RECOMMENDATION FOR THE DEPRECIATION RATES FOR1 Q

THE REMAINING CHOLLA UNITS?2

A3 I recommend that the existing depreciation rates for the Cholla Power Plant remain in

4

5 as the common facilities, will retire in 2035.

6

effect. These existing rates assume that Unit 1 will retire in 2028 and Unit 3, as well

These depreciation rates should not

change until after APS has made an official determination of its plans for Cholla

Units 1 and 3.7

W HAT IS THE RESULT OF YOUR RECOMMENDATION ON APS'S ANNUAL8 Q

DEPRECIATION EXPENSE AND ITS TEST YEAR REVENUE REQUIREMENT?9

A10

11

12

By not changing the depreciation rates for the Cholla Power Plant, APS's annual

depreciation expense and, thus, the test year revenue requirement is reduced by

$23.9 million.I

I

|
I

i
I HOW DID you DETERMINE THIS IMPACT?13 QI

A14

15

16

17

18

19

In response to FEA Data Request 1.6, APS provided a workbook that shows the

impact on revenue requirement due to a change in depreciation rates. Using a

slightly modified version of this workbook, if the Cholla Power Plant depreciation rates

are not changed, the pro forma adjustment for the 2015 Depreciation Study is

reduced to  $52.074 mi llion,  down f rom $75.989 mi llion which is  shown as

adjustment 30 of Schedule C-2, page 10 of 16, and sponsored by Ms. Blankenship.

This is shown in Exhibit BCA-3.20

21 DOES THIS CONCLUDE YOUR DIRECT TESTIMONY?Q

22 A Yes, it does.

BRUBAKER & ASSOCIATES, Inc.



Appendix A
Brian C. And revs

Page 1

qualifications of Brian c. Andrews

PLEASE STATE YOUR NAME AND BUSINESS ADDRESS.1 Q

A2

3

Brian c. And revs. My business address is 16690 Swingley Ridge Road, Suite 140,

Chesterfield, MO 63017.

4 PLEASE STATE YOUR OCCUPATION.Q

A5 I am a Consultant in the field of public utility regulation with the firm of Brubaker 8~

6 Associates, Inc. ("BAl"), energy, economic and regulatory consultants.

7 PLEASE STATE YOUR EDUCATIONAL BACKGROUND AND PROFESSIONALQ

8 EMPLOYMENT EXPERIENCE.

Ag

10

11

12

13

14

I received a Bachelor of Science Degree in Electrical  Engineering from the

Washington University in St. Louis/University of Missouri - St. Louis Joint Engineering

Program. I have also received a Master of Science Degree in Applied Economics

from Georgia Southern University.

I have attended training seminars on multiple topics including class cost of

service, depreciation, power risk analysis, production cost modeling, cost-estimation

15

16

for transmission projects, transmission line routing, MISO load serving entity

fundamentals and more.

17

18

19

Additionally, I am a certified Engineer Intern in the State of Missouri, and I am

a member of the Society of Depreciation Professionals.

As a consultant at BAl, and as an Associate Consultant and Assistant

20 Engineer before that, I have been involved with several regulated and competitive

21 electric service issues. These have included book depreciation fuel and purchased

BRUBAKER&AssociATEs, Inc.
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1 resource planningpower cost, transmission planning, transmission line routing,

2 including renewable portfolio standards compliance, electric price forecasting, class

|

:

3 cost of service, power procurement, and rate design. This has involved use of power

I
! 4 flow, production cost, cost of service, and various other analyses and models to

5 address these issues, uti lizing, but not limited to, various programs such asI

I

I 6 STRATEGIST, RealTime, PSS/E, MatLab, R Studio, ArcGIS, Excel, and the United

7 States Department of Energy/Bonneville Power Administration's Corona and Field

8 Effects ("CAFE") Program. Additionally, I have received e>densive training on the

g PLEXOS Integrated Energy Model.

III
II

10 BAl was formed in Apri l 1995. BAl provides consulting services in the

11 economic, technical, accounting, and financial aspects of public utility rates and in the
I

i.
i
I. 1 2 acquisition of utility and energy services through RFPs and negotiations, in both

13 Our clients include large industrial andregulated and unregulated markets.

14

l

i.
I
I
I institutional customers, some utilities and, on occasion, state regulatory agencies.

15 We also prepare special studies and reports, forecasts, surveys and siring studies,

16 and present seminars on utility-related issues.

I|
:

I

I
I

II 17

18

I
I
n
!

19

In general, we are engaged in energy and regulatory consulting, economic

analysis and contract negotiation. In addition to our main office in St. Louis, the firm

also has branch offices in Phoenix, Arizona and Corpus Christi, Texas.

i
:

a
"nomshares\p1uiawoe¢swsid10268\TestinonyBAl\310901 .dock

BRUBAKER & AssociATEs,Inc.
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Natural Gas Conversions of Existing Coal-Fired Boilers

MS-14

Abstract

I

I

I

Electric utilities are always searching for ways to mini-

mize costs, improve availability and reduce emissions. Re-

cent changes in the price of natural gas have made that fuel

economically attractive, with the added benefit of reduced

emissions of sulfur dioxide (SON), nitrogen oxides (NOt)

and carbon dioxide (COZ). For those utilities with existing

coal-fired units, conversion from coal firing to natural gas

firing might be an option worth considering.

This paper will consider the rationale for fuel switching,

some of the options available for conversion of coal-fired

units, technical considerations related to conversion, and

some of the financial considerations that will impact the

final decision.

Rationale for Considering Fuel Switching

I

I
I

a key component in the decision making process.

A plant may be considered for fuel switching based on its

age and how close it would be to a possible retirement or ma-

jor rebuild. The timing for fuel switching may be ideal if the

boiler in question is already under consideration for major

projects like superheated replacement, burner modifications,

air system changes and/or the addition ofback-end emissions

control equipment. B&W PGG can assist in comparing the

costs and benefits of different scenarios to help make the best

decision based on the specific needs of the plant.

One of the other key factors to consider is the need for

plant output, including a potential for dh-rate and/or in-

creased turn-down capability. A unit's continued usefulness

might involve its ability to operate or be on standby during

periods of low load.

As utilities look at their long-term forecasts, plants that

operate efficiently and with high availability will play a

key role in meeting future demand. As such, these plants

will need to be evaluated for projects that will extend their

useful life. Those projects might be targeted for efficiency

improvements with coal as a fuel (burner upgrades, emis-

sions control equipment, etc.) or as tinsel-switch projects that

take advantage of the benefits of natural gas.
I
l

Options
.
I B&W PGG can perform an engineering study to  help

determine the best options for your specific application.

Among the many options to consider are:

l. Fuel switch with modifications to the existing boiler
2. Fuel switch for the existing boiler and the addition

of a gas turbine to the existing boiler cycle
a. addition of simple cycle to the existing system
b. hot windbox repowering
c. combined cycle repowering

3. New combined cycle plant (elemental review) with

retirement of the existing coal plant

Each option has advantages and disadvantages, including

cost and operational considerations, including:

comparison of modification costs vs. capital cost of

a new gas turbine

° impact of future changes in fuel prices and the
potential risk associated with natural gas price volatility

life expectancy of gas turbines and heat recovery

steam generators (HRSG) compared to steam boilers

• amount of acceptable De-rate
Since no two plants are identical, it is important that

utilities work with an experienced supplier like B&W PGG
to evaluate the best solutions for their needs.

The first step in the process is to identity the forces that

drive the decision to convert from coal to gas. The key forces

are regulatory (both in terms of emissions and as an offset

for a new unit), fuel costs, the age of the plant and the need

for plant output.

Regulatory forces are currently in a state of flux, with

a wide range of proposed rules and legislative efforts that

could have a far-reaching impact on goal-fired operation.

What appears likely is that some form of CO, controls will

be enacted in the near future. Those controls could be pan

of a cap-and-trade system (similar to previous allowance

programs for SO, and NOt) or they might take the form

of gradual reductions to meet increasingly stricter goals.

Regardless of the final form, the industry is reasonably

certain that there will be some additional controls placed on

power plant owners. Utilities must also factor in the future

need for electrical power generation - either because of

market demand projections or to replace a unit that might

be approaching the limit of its useful service. There also

may be regulatory issues to evaluate, such as New Source

Review and offsets for other emissions regulated by state

and federal laws.

The price ofnatural gas has recently become more attrac-

tive as a caseload fuel due to additional supply and reduced

demand from general industry. There are many different

projections of where gas prices might be in the near fixture,

all of which are based on the forces of supply anddemand.

The current price of natural gas is relatively low and stable

compared to previous years. Utilities should be aware that

natural gas prices are much more sensitive than coal prices

to short term changes in supply and demand. While current

economic conditions favor natural gas usage, Babcock &

Wilcox Power Generation Group, Inc. (B&W PGG) strongly

advises its customers to evaluate potential price volatility as

1Babcock & \MIcox Power Generation Group
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1. Fuel Switeh with Modifications to the
Existing Boiler

Financial Considerations
Any modification to an existing plant carries considerable

cost implications. This is true when upgrading a coal plant

with new components for higher elticiency and/or lower

emissions. Likewise, there are financial considerations for
switching fuel from coal to natural gas. Cost ranges for
modifications for the units shown in the comparison table

below are estimated to be in the range of $50 to $75/kW.
The unique conditions of each plant will necessitate a

detailed study of the potential operational options and their

corresponding costs. These costs include only modifications
to the boiler island. Excluded are costs related to bringing

natural gas supply to the boiler.

2. Fuel Switch for the Existing Boiler with
Addition of a Gas Turbine

The most obvious change to a power plant that switches

from coal to gas will be the modifications to the fuel han-
dling, storage and distribution equipment. The plant must

receive natural gas via a pipeline spur from the local main
transmission line. Ira spur does not currently exist, the plant

will need to evaluate the costs and activities (permits, land
rights, etc.) associated with constructing a new spur. Once
inside the plant perimeter, the gas must be metered and piped

to the boilers, where new gas burners will be required (or to

a new gas turbine if applicable).
Itthe existing boiler is modified for gas-firing, the con-

vection pass, ducting and windbox will likely need modifi-
cations. The extent of the modifications will be determined

by an engineering study that will look at overall furnace
absorption, furnace exit gas temperature, and tube bank

arrangement/material changes (superheated, repeater and
economizer). Other operational changes like sootblowing

schedules, attemperator spray flows, air heater operation and
operation of any back-end emissions control equipment will
need to be adjusted for the switch from coal to gas.

Tech meal Considerations

As B&W PGG studies your plant, we will evaluate the
impact of the following technical considerations:

Technical Considerations
The concept of repowering existing power plants is

currently viewed as an option to economically meet new

demands for improved efficiency, power growth and stricter
environmental regulations. Partial repowering is the conver-

sion of an existing site to combined cycle where the boiler
and steam cycle are retained No the greatest extent possible.

There are several major partial repowering alternatives.

Many of these alternatives have multiple possible equipment
configurations that can be considered depending on the op-

tion. Low gas turbine eldiaust oxygen concentrations (as low
as la%), and high exhaust temperatures (exceeding l l00F)
can provide design challenges depending on the combustion

turbine used for this configuration.
2a. Addition of Simple Cycle to the Existing System
This technology uses the existing boiler and steam tur-

bine equipment in essentially its original configuration. In

characteristics of natural gas vs. original or current fuel
impact on boiler design and capacity
impact on cycle efficiency

boiler and environmental equipment modifications
burner modifications

convection pass modifications
changes to fans, ductwork, timework, etc.

amount of acceptable De-rate

Comparison Table - Study Results of Typical Pulverized Coal to Natural Gas Conversions
OklahomaLocat ion

Endsting Unk

* year burn v1'

152

1 .480

10so

_ _ -Q Q  Q

n
l l

Pulverized mal

1005

Pulverized coal

Mainialn 1005F w/excess air up w 87% MCR

Pulverized bituminous coal

100% NG with no prassufe pan changes
». .3 Original mnxWum continuous rating; cR

(no limitations).
r

.. fi. :m
w 4

4 Minrmtze pressure pan changes

Maximum resulting SH temp = 950F and
Higher excess avi for steam temperature
aontrd at !ewer loads1. g; g;2%3¢;4?,<? $55

.

. ea
... ; : . ; .

Cannot maintain steam temperature above
87% MCR without modihaations and
Unable to are 100% gas without pressure
pan modifications

i

i

i

Add gas elements

Minimal to none required

New burners + NOt ports

Minimal to none ruquirsd

New hw NQ, burners o OFA ports

Minimal to none required3V.9.
1.5199
¢ : .x

No changes required No changes required SH changes required

_ _
x i  .  ¢

» s1;x 4

-ongrw megaWaks

- Onolatlng preesuro (PSI)

- Man steam temperaturu(F)

- Reheat outlet temperature (F)

- Original mea 1 2
Tugut hub
,R°.,., vs

Rncommanded Bummer Modifications

Rncommundod Pnnuil Pan
Mo4l1lcaflQN8

an

fowrézt was
summa dm :* "

-Gas recirudelion Q

Alt Heater RacoNmidnehtium

Appears OK evaluation by others

Appears OK evaluation by others

Replace FGR fan and drive

No ganges required

Static capacity del\cienl

No changes required

Removed from service

Design static pressure deficient

No changes required

No changes required

No recommendations made

No changes required

2 Babcock & iMIcox Power Generation Group
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Fig. 2 Hot Vvndbox Repowering
New gas turbine
Retains boiler steam turbine generator etc.
Advantages:
» moderate power increase of up to 50%
» efficiency improvement of up to 15%
» retains current equipment and if desired current fuel
» reduced emissions
Disadvantages:
»
n
»

requires new high temperature combustion air system
may require boiler surface changes and/or De-rate
requires special high temperature and low 02 burners

in parallel to the feedwater heaters to maximize cycle ef-

ficiency.

Figures provides a bullet summary and illustrates a typi-

cal equipment configuration for this technology. Depending

on the specific plant configuration, significant boiler and

BOP material and erection services are required to complete

this retrofit.

v wog 3  v v .,. s L. 4 . c l

this design, a gas turbine and feedwater heater are added

in parallel to the existing boiler. Figure I provides a bullet

summary and illustrates a typical equipment arrangement for

this option. Depending on the specific plant configuration,

balance-of-plant (BOP) material and erection services are

required to complete this retrofit.

2b. Hot Wmdbox Repowering

In this configuration, a gas turbine is added to an existing

plant and the exhaust from the turbine is ducted directly to

the boiler windbox where it is used as combustion air for

the boiler. The existing air heaters are typically retired with

new stack gas coolers (or partial HRSG) added in parallel to

the feedwater heaters to maximize cycle efficiency. Figure

2 provides a bullet summary and illustrates a typical equip-

ment configuration for this technology.

Depending on the specific plant configuration, significant

boiler and BOP material and erection services are required

to complete these retrofits. This has been the repowering

configuration of choice outside of the U.S. with Holland

having more than 12 plants designed in this configuration

(both retrofit and original). B&W PGG designed two new

plants based on this cycle configuration in the early l960s.

Recent improvements in gas turbine technology have made

integration of these machines with boilers more challenging

than in the past.

2e. Combined Cycle Repowering

In this configuration, a gas turbine is added to an existing

plant and the exhaust from the turbine is ducted to the boiler

windbox where it is used as combustion air for the boiler.

This configuration uses a supplemental heat exchanger (or

partial HRSG) or mixes ambient air upstream of the boiler

to cool the exhaust temperature to levels acceptable to exist-

ing windbox materials. The existing air heaters are typically

retired with new stack gas coolers (or partial HRSG) added

<udlm
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Fig. 3 Combined Cycle Repowering
New gas turbine(s) and supplemental HRS Gs or stack
gas cooler

• Retains boiler steam turbine generator etc.
Advantages:
» moderate power increase of up to 70%
» efficiency improvement of up to 15%
» retains current equipment and if desired current fuel
» reduced emissions
Disadvantages:
» requires more complex steam system interface and

piping systems
» may require boiler surface changes and/or derate
» requires special low O2 burners

Fig. 1 Addition of Simple Cycle
- New gas turbine

New recuperative feedwater heater(s)
Retains steam system
» doses some extractions and feedwater heaters
Advantages:
» low additional capital cost
Disadvantages:
» small efficiency gain - 2% to 3%

3Babcock & Wilcox Power Generation Group
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SummaryFinancial Considerations
As the repowering configuration can vary significantly

depending on the goals and constraints of a given system,
cost for such a conversion can span a broad range. The
combustion turbine will likely be the largest single compo-
nent and cost. Estimates on retrofit costs range from $180
to $1,025 per unit kW increase in power.

Babcock & Wilcox Power Generation Group has the
experience and expertise to help utility customers evalu-
ate the operational, technical and financial considerations
associated with a potential fuel switch from coal to natural
gas. As plant owners consider their options, B&W PGG
can assist in the evaluation of site-specific conditions and
provide recommendations that represent the optimal balance
of cost, schedule, performance arid long-term availability.3. New Combined Cycle Plant with Retirement

of the Existing Coa Plant
A modem, highly efficient combined cycle plant is always

a consideration when evaluating a fuel switch from coal
to gas, especially when a considerable increase in power
generation is needed. The higher capital cost of this option
requires a careful analysis of its suitability to the unique
needs of each utility.

This report is not intended to review every factor related
to switching from coal to natural gas, but it is important
for each prospective utility to consider the hidden costs
associated with the retirement of a coal plant, including the
cost of decommissioning or mothballing, as well as any
site remediation costs. It is only when all the true costs are
identified that the real savings from a fuel switch can be
fully and properly evaluated.

I
I
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Exhibit BCA-3Proposed Adjustment for the 2015 Depreciation Study

ARIZONA PUBLIC SERVICE COMPANY

Income Statement Pro Forma Adjustments
Test Year Ended 12/31/2015

(Dollars in Thousands)

i
:

Line
No.

Adjust Depreciation
Expense - 2015 StudyDescription

1. $
2.
3.
4.

Electric Operating Revenues
Revenues from Base Rates

Revenues from Surcharges
Other Electric Revenues

Total Electric Operating Revenues

5.
6.

Electric Fuel and Purchased Power Costs

Oper Rev Less Fuel & Purch Pwr Costs

Other Operating Expenses:
Operations Excluding Fuel Expense

Maintenance
Subtotal

7.
8.
g.

52,074EAB_WP32DR page 2 [A]10.
11.
12.

13.
14. 52,074

Depreciation and Amortization
Amortization of Gain
Administrative and General
Other Taxes

Total Other Operating Expense

15. (52,074)Operating Income Before Income Tax

Interest Expense
Taxable Income

16.
17. (52,074)

Current Income Tax Rate18. (19,840)38.10% (Line 15 * 38.1%)

19. $ (32,234)Operating Income (line 15 minus line 18)

Adjustment to Test Year operations to retiect depreciation expense based on the 2015 depreciation study as
adjusted by Brian Andrews.



Exhibit BCA-3Proposed Adjustment for the 2015 Depreciation Study

ARIZONA PUBLIC SERVICE COMPANY
Income Statement Pro Forma Adjustments

Test Year Ended 12/31/2015
(Dollars in Thousands)

Line
No. Description

Adjust Depreciation
Expense - 2015 Study

$
2.
3.
4.

Electric Operating Revenues
Revenues from Base Rates
Revenues from Surcharges
Other Electric Revenues .

Total Electric Operating Revenues

5.
6.

Electric Fuel and Purchased Power Costs
Oper Rev Less Fuel & Purch Pwr Costs

7.
8.
9.

Other Operating Expenses:
Operations Excluding Fuel Expense
Maintenance

Subtotal

52,074EAB_WP32DR page 2 [A]10.
11.
12.
13.
14. 52,074

Depreciation and Amortization
Amortization of Gain
Administrative and General
Other Taxes

Total Other Operating Expense

15. Operating Income Before Income Tax (52,074)

16.
17.

Interest Expense
Taxable Income

18. Current Income Tax Rate 38.10% (Line 15 * 38.1%)

19. $Operating Income (line 15 minus line 18)

(52,074)

(19,840)

(32,234)

Adjustment to Test Year operations to reflect depreciation expense based on the 2015 depreciation study as
adjusted by Brian Andrews.


